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Background: Iodine is an essential micronutrient that plays an important role in growth 
and development. Due to the low iodine content in New Zealand soils, iodine deficiency 
was common in the 1900s. The introduction of iodised salt in 1939 helped to improve with 
iodine status until the 1990s when iodine re-emerged again. The mandatory fortification of 
bread with iodised salt in 2009 has again shown an obvious improvement in the iodine 
status in children and adults. However, most studies have not directly measured iodine 
intake and identify the primary dietary sources that contribute to iodine intakes. 
Objective: To determine the adequacy and sources of dietary iodine intake of adolescents 
aged 15 to 18 years old, and to compare intake and food sources between male and female 
adolescents. 
Design: This was a cross-sectional study of adolescents aged between 15 and 18 years old 
in eight towns or cities across New Zealand. Data for females were collected in 2019 while 
data for males were collected in 2020. Participants completed online questionnaires, 
anthropometric measurements (including height and weight), and two 24-hour diet recalls. 
FoodWorks was used to convert foods to nutrients using the New Zealand Food 
Composition Tables. The usual iodine intake from diet only was determined using the 
Multiple Source Method programme. For those who self-reported iodised salt use in 
cooking or at table, 48µg iodine was added to their usual iodine intake. The contribution 
of major food groups to iodine intake, based on the Adult Nutrition Survey (ANS) food 
group classification, was also determined.  
Results: Overall 266 female participants and 135 male participants were involved in the 
study. The majority of the adolescents were aged between 16 and 17 years old. Most 
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identified as NZ European and Other ethnicity (57% in males and 78% in females). Most 
fell in the healthy weight range based on the BMI z-score (67% in males and 65% in 
females. The mean iodine intake from food alone for male adolescents was 107 µg/day and 
for female adolescents was 82 µg/day; the mean (95% CI) difference in iodine intake 
between the males and females was 25 (19, 32) µg /day. When iodine from the use of 
iodised salt was included, the mean iodine intake for males increased to 133 µg/day while 
for female adolescents increased to 103 µg/day. The mean energy intake for male 
adolescents was 10077kJ while for female adolescents was 7959kJ. When mean iodine 
intake was adjusted by energy intake, the difference in iodine intake between males and 
females was 0.42 (-0.39, 1.24) µg/day for food only, and 0.26 (-0.92, 1.45) µg/day for food 
plus iodised salt. Bread and bread-based dishes were the food groups contributing the 
largest proportion of iodine for both male and female adolescents, at 31% and 29%, 
respectively.  
Conclusion: Iodine intake was higher for males than for females, which was due to male 
adolescents eating significantly more energy, and thus more foods, than female adolescents. 
Because females eat less food than males, the use of iodised salt makes an important and 
necessary contribution to an adequate iodine intake. If salt is used by adolescents, or by 
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Iodine is a trace element that can be found in nature in many forms, such as 
inorganic diatomic iodine and organic monoatomic iodine (1). The largest reserve in 
nature is seawater where iodine accumulates in many spices, such as seaweed and marine 
fish. On land, the iodine level of animal and plant foods is determined by the amount of 
iodine in the soil where plants are grown and animals feed; the content of iodine in soil in 
New Zealand is low Although iodine is found in water and beverages, food is the main 
source contributing to the total iodine intake. In New Zealand, the main dietary sources of 
iodine are bread, dairy products, eggs, and seafood. A lack of iodine in the diet leads to 
reduced production of thyroid hormones which can subsequently result in functional and 
development impairment.  
New Zealand has a long history of iodine deficiency, first discovered in the late 
1800s, and since that time, the New Zealand government has implemented a number of 
strategies to prevent iodine deficiency. The fortification of salt with iodine in 1939 and 
the mandatory use of iodised salt in bread in 2009 are the two most important strategies 
to improve the iodine status in the population. The implementation of iodised salt reduced 
the goitre rate to less than 1% by the early 1950s.  And more recently, after the re-
emergence of iodine deficiency in the 1990s and 2000s, adequate iodine status has been 
reported in New Zealand schoolchildren and adults, with the improvement in status 
attributed to fortified bread (2). Most studies of iodine status utilize biochemical indices, 
in particular, the determination of urinary iodine. Few studies include measures of dietary 
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assessment, and if they do, these usually involve unvalidated food frequencies; there is a 
lack of data on dietary iodine intakes including food sources.  
Adolescence is an important period bridging the gap between childhood and 
adulthood when the body experiences tremendous changes. Therefore, it is important 
that sufficient nutrients are available for the development and growth of adolescents.  
Furthermore, good iodine status is particularly important for adolescent girls, who 
may become pregnant, as iodine is essential for the fetus.  The  2014/15 New Zealand 
Health Survey showed that the median urinary iodine concentration in males o aged 
15 to 24 years old was 110 ug/L while in females was 113 ug/L (3). This indicates 
adequate iodine status, however, the dietary sources of iodine are unknown (4). There 
is limited data in New Zealand provides information on actual iodine intakes, 
particularly in teenagers aged 15 and 18 years old. The aim of this study is to 






2. Literature Review 
 
2.1 Literature search strategy  
 
The purpose of this literature review is to give an overview of iodine and iodine 
status in New Zealand. The literature search was conducted using the databases ‘Scopus’, 
‘PubMed’, ‘Ovid’ and ‘Google scholar’ accessed through the University of Otago library. 
The keywords used included “iodine intake’, ‘iodine status’, ‘deficiency’, ‘adolescence’ 
OR ’teenager’, ‘male’, ‘female’, ‘New Zealand’, ‘dietary assessment’. Repeat searches 
were carried out between September 2019 and November 2020. Further references were 
retrieved from the reference lists of published articles and reported from the Ministry of 
Health.  
2.2 Function of iodine 
 
Iodine is a micronutrient that is essential to the synthesis of the thyroid hormone 
in the body. Thyroid hormones are important in many metabolic pathways, as well 
needed for normal growth and development. 
2.2.1 Iodine metabolism 
 
Iodine is ingested from several different chemical forms: inorganic sodium and 
potassium salts (iodides and iodates); inorganic diatomic iodine and organic monoatomic 
iodine (5). Most forms of iodine are reduced to iodide in the intestine lumen and most of 
them are then rapidly digested within the stomach and absorbed in duodenum in healthy 
adults (5-8). At least 90% of the circulating iodine is excreted in the urine through the 
kidney via a constant clearance rate by the kidney; however, the rate of thyroid clearance 
is dependent on the adequacy of iodine consumption iodine status. When iodine intake is 
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good and status is adequate, less than 10% of the absorbed iodine is taken up by the 
thyroid, while this fraction will increase to 80% under chronic iodine deficiency 
circumstances (6). Approximately 15 to 20mg of iodine is stored in a healthy body, of 
which 70 to 80% of which is found in the thyroid gland (6). 
Circulating iodine is transported into the thyroid cells via a transmembrane 
protein, called the sodium/iodine symporter (NIS), at the basolateral membrane (8). By 
using the energy generated from the inward translocation of sodium, iodine is actively 
transported into the thyrocyte against its electrochemical gradient simultaneously. The 
NIS concentrates the iodide in the thyroid gland, so it is 20 to 40 times higher than that of 
the plasma (6, 8). Once iodide is trapped, it is reduced by hydrogen peroxide catalyzed 
via by the enzyme thyroperoxidase (TPO) at the apical surface of the thyrocytes. This is 
followed by the iodination of the tyrosine residues on the thyroglobulin (Tg) molecule to 
produce the precursors of thyroid hormone, monoiodotyrosine (MIT) and diiodotyrosine 
(DIT). Thyroxine hormone is formed by the coupling of phenyl groups of the 
iodotyrosines two molecules of diiodotyrosine (DIT) and through a deither bridge and 
catalyzed by TPO. 3,5,3’-tri-iodotyrosine (T3) by the coupling of phenyl groups of the 
diiodotyrosine (DIT) molecule with monoiodotyrosine (MIT) (6, 9, 10). The luminal 
colloid of the thyroid follicle acts as a reservoir of iodinated Tg for the thyroid hormones 
and their precursors. The colloid which contains thyroid hormones enters the circulation 
via endocytosis facilitated by the Tg receptor megalin (5, 9). Then T3 and T4 are released 
into the circulation and enter the bloodstream. Almost all (99%) of the T3 and T4 are 
bound to carrier proteins which are synthesized in the liver (thyroxine-binding globulin 
(TBG), prealbumin (TBPA) and albumin (TBA)) to prevent the loss of hormones into the 
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urine; however, the unbound hormones (<1%) are biologically active. T4 is primarily 
released from the thyroid gland, whereas, approximately 80% of T3, which is the most 
active form of the hormone, is derived from T4 extrathyroidally via deiodination in the 
circulation. On the other hand, the iodine-contained precursor MIT and DIT get 
deiodinated (5) after the degradation of T4 and T3 (6, 8). 
Blood levels of thyroid hormone level are tightly regulated by thyroid-stimulating 
hormone (TSH), which is secreted in the anterior pituitary gland. A negative feedback 
loop regulates the level of T4 in the blood. A decrease in the T4 concentration stimulates 
the release of thyrotropin-releasing hormone (TRH) from the median eminence of the 
hypothalamus in the brain. In response to this, there is an increase in the level of TSH in 
the pituitary gland. The TSH, in turn, stimulates the release of T4 from the thyroid gland 
into the circulation to maintain the concentration of the hormone in the blood (5). 
 
2.2.2 Function of thyroid hormone 
 
The thyroid hormones are crucial to the regulation and development of growth, 
metabolism and cellular differentiation. They exert effects on almost every organ, 
including bone, heart, liver and brain (8-12). Genomic and nongenomic pathways are the 
two mechanisms of how thyroid hormones regulate cell functions.  The primary role of 
the thyroid hormones is to regulate growth. Thyroid hormone is essential for the normal 
endochondral ossification as well as the skeletal development and linear growth (12). A 
recent study has found that thyroid hormone independently regulates Insulin-like Growth 
Factor (IGF-1) expression regardless of growth hormone during the prepubertal growth 
(13).   
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Depending on the types of intracellular receptors THs bind to, the cells and organs 
response accordingly. When THs bind to the receptors in the mitochondria, the heat 
released by the generation of Adenosine Triphosphate (ATP) leads to an increase in body 
temperature. The heart rate is determined by the way thyroid hormone regulation of the 
target genes within the heart and the indirect influence of hemodynamic changes by TH. 
The increase in the basal metabolic rate is caused by THs systematically functioning on 
both cardiac and respiratory systems (8, 12). 
However, the most critical role of TH is on brain development because thyroid 
hormone receptors are found throughout the brain, which can influence brain structure 
and function by regulating the gene expression (10, 14). Firstly, in the hippocampus, the 
processes which are necessary for brain maturation are influenced by thyroid hormones 
including neuronal migration, synaptic plasticity and neurogenesis. Both long- and short-
term plasticity in the hippocampus are influenced by thyroid hormone, which has a 
further impact on learning and memory (14).  Neurotransmitters are the chemicals 
functioning to signal between neurons and their role. The role of neurotransmitters varies 
over the life span. The mechanism of how thyroid hormones impact on the 
neurotransmitters is not clear; however, research has shown that thyroid hormones 
interact with several neurotransmitter types (14). The cognitive functions require 
adequate neurotransmitter to develop (14). In childhood, levels of neurotransmitters 
affect the development of learning, memory and psychomotor ability. In adulthood, 
although the brain development is complete, neurotransmitters still have an impact on 
mood and affective disorders, such as depression. Cognitive impairment can be caused by 
insufficient thyroid hormone by a reduction of neurotransmitters. Last but not least, 
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thyroid hormones play a vital role in myelin development and maintenance. In the brain, 
white matter is made up of myelin which is a white fatty sheath surrounding some 
neuronal axons. Inadequate thyroid hormones can lead to a reduction in myelin as well as 
decreased control of myelin composition and metabolism (14). 
2.2.3 Iodine deficiency disorders 
 
Iodine deficiency disorders (IDD) is a spectrum term that covers all the diverse 
effects caused by iodine deficiency. When inadequate iodine is consumed in the diet, the 
production of the thyroid hormone is interfered with because the capability of the thyroid 
gland decreases. This leads to the clinical and subclinical hypothyroidism which further 
results in functional and developmental impairment (5-8). Goitre is the most common and 
visible IDD across all age groups. Severe iodine deficiency has an impact on neurological 
and fetal development which leads to an increase in the perinatal and infant mortality. 
Besides goitre, juvenile hypothyroidism and impaired mental and physical development 
are the two most commonly diagnosed IDD in adolescents, particularly those with mild to 
moderate iodine deficiency.  
2.3 Iodine requirement and dietary sources of iodine 
2.3.1 Dietary iodine requirement  
 
The nutrient reference values (NRVs) were developed by the National Health and 
Medical Research Council (NHMRC) and New Zealand Ministry of Health for the 
Australia and New Zealand population in 2006. (15)Table 2.1 outlines the NRVs for 
iodine in New Zealand in different age and gender group. The requirements of iodine 
increase with the age and there is no difference between males and females. The UL for 
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iodine is 1100ug/day for all adults over 19 years because extremely high intake of iodine 
may cause iodine toxicity (7, 15).  
 
Table 1 NRVs for iodine in New Zealand 
Age (years) EAR (ug/day) RDI (ug/day) UL (ug/day) 
9-13 Boys  75 120 600 
Girls  75 120 600 
14-18 Boys  95 150 900 
Girls  95 150 900 
>19 Males  100 150 1100 
Females  100 150 1100 
Table adapted from the 2006 NHMRC Nutrient Reference Value for Australia and New Zealand (15) 
EAR = Estimated Average Requirement; RDI = Recommended Dietary Intake; UL = Upper Intake Level 
2.3.2 Dietary sources of iodine 
2.3.2.1 Natural foods 
 
Although iodine can be consumed from water and beverages, food provides the 
main contribution to iodine intake. The iodine content from the plants and the animals 
that feed on those plants  is dependent on the iodine content of the soil; however New 
Zealand soil is a poor source of iodine (16).  Most (61%) of the foods sampled in the 
2016 NZTDS contained iodine; however, the concentration of iodine in the majority of 
these foods was less than 0.1mg/kg. Mussels and oysters contained the highest 
concentration of iodine, 1.7 and 1.3mg/kg, respectively  (17). Seaweed is also an 
excellent source of iodine and is becoming more and more popular in New Zealand due 
to the introduction of Japanese cuisine (4). Milk and dairy products used to be the major 
iodine sources in New Zealand (18). Dairy cows are able to concentrate iodine in milk 
using the sodium iodide symporter (NIS) (19) . Eggs also are a good source of iodine 
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providing  26 µg of iodine since laying hens are fed an iodine supplement premix with 
their rations (18). Iodised salt is an important source of iodine, however, it is difficult to 
accurately quantify the amount of salt used in the cooking or at table. Currently, where 
discretionary iodised salt use is self-reported, 1g of iodised salt, which contains 48µg of 
iodine, is added to the iodine intake for every person that states they use iodised salt (20). 
The amount of iodine from salt was derived from the average iodine concentration of 
iodised table salts in New Zealand (20).  
 
Table 2 Main dietary sources of iodine in New Zealand (4) 
 
 
2.3.2.2 Fortified foods 
 
Salt iodization is a global strategy to prevent and control iodine deficiency and 
has been implemented in New Zealand since 1924.  Initially, in 1924, the iodisation level 
of the table salt was set at 5mg/kg. As the prevalence of goitre was not improved as 
Food  Mean iodine 
concentration (mg/kg) 
Minimum (mg/kg) Maximum (mg/kg) 
Mussels 1.858 0.886 3.115 
Oyster 1.171 0.807 1.770 
Egg 0.544 0.450 0.678 
Bread, wheatmeal 0.414 0.325 0.537 
Bread, white 0.388 0.247 0.522 
Bread, mixed grain 0.372 0.237 0.543 
Lamb/mutton 0.294 <0.005 2.316 
Sushi 0.294 0.178 0.762 
Noodle, instant 0.254 0.207 0.331 
Fish  0.211 0.152 0.264 
Milk, 3.25% fat 0.078 0.037 0.128 
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expected, in 1938, the level was increased to 40 to 80 mg/kg salt. The goitre rate fell from 
over 30%  in the 1930s to 0.1% by 1958, demonstrating that salt iodisation was an 
effective way to improve iodine status (21).  
More recently, concern with the increasing risk of hypertension and other 
cardiovascular diseases led the Ministry of Health to recommend that the discretionary 
salt use at the table and in cooking should be minimized and  total sodium intake  kept 
below 2000mg daily (22). A reduction in added salt use, is likely to be the primary reason 
for the re-emergence of iodine deficiency in New Zealand in the 1990s (17, 23). To 
address this issue, mandatory fortification of bread with iodised salt has been introduced 
into New Zealand in September 2009 (24). The salt used in making all breads except 
organic and home-made was required to be replaced with iodised salt. The report 
published by the Ministry of Primary Industries showed that the inadequacy of iodine 
intake reduced from 95% to 21% post bread fortification (2). The 2016 NZTDS showed 
that grain is now the major food group which contributes to the iodine intake in the 
population while replacing dairy products, which  was historically the largest source of 
iodine (4). Although processed foods are the major source of salt in the typical New 
Zealander diet, non-iodised salt is used in most processed food (except bread) (25).    
 
2.3.2.3 Iodine supplements  
 
In pregnancy, the increased requirement for iodine is difficult to obtain from food, 
even with a well-balanced diet, therefore, an iodine supplement of 150µg/d is 
recommended for those women who are pregnant or breastfeeding. 




A complete nutritional assessment includes anthropometry, biochemical 
measurements, clinical assessments and dietary intake. For iodine, there are no known 
anthropometric assessments. Clinical examination, blood and urine measures, and dietary 
methods are typically used to assess iodine status. Measuring thyroid volume is the main 
clinical measure used, however, requires specialized equipment and personnel, not 
available in this study. Therefore, this section will include the overview of dietary 
assessments and biomarkers.  
2.5.1 Dietary assessment 
 
Dietary assessment is useful to identify the sources of iodine from foods. For 
iodine assessment, the difficulty is the quantification of the amount of iodine which 
comes from discretionary salt  (26). 
There are three commonly used dietary assessment methods to evaluate iodine 
consumption: a 24-hour food recall, a diet record, and food frequency questionnaire 
(FFQ). The characteristics of participants, time, accessibility and availability of resources 
are all the factors contributing to the selection of the dietary assessment method (27).  
The most accurate diet measurement is the weighed diet record which involves 
the respondent recording food items as they are consumed, with its actual usual food 
consumption can be assessed for an individual depending on the number of measurement 
days (27). However, weighed diet record is not an ideal measurement to assess iodine 
intake because, firstly, if less than one gram of salt is used in the cooking or at the table, 
the weighing scale may not be sensitive to detect the actual amount and hence it might be 
recorded as zero. Secondly, the interpretation of subjective descriptions (e.g. “sprinkle” 
or “pinch” of salt) varies amongst individuals. Finally, the amount of iodine incorporated 
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into the cooked food may vary due to different cooking methods (26). In addition, 
weighed diet records are costly and time-consuming for both participants and 
interviewers. It takes time for the participants to record every individual item and 
also takes time for the interviewer, who is paid, to enter food items into nutrient 
analysis programmers. Therefore, weighed diet records are not well suited to large 
projects (27).  
The food frequency questionnaire (FFQ) is a cost-efficient qualitative method 
widely used to collect descriptive data on the usual intake of individual foods or classes 
of foods over a specified time period. It contains questions on the frequency the food 
consumed over a day, week, month or year. The respondent burden is low as the FFQ can 
be self-administered. Habitual food intake and dietary patterns can be analyzed based on 
the overall results from FFQs (27).   It is important that the FFQ is validated against a 
reference method, typically, a diet record.  Some research groups have used urinary 
iodine concentration to validate the iodine specific FFQ (28). The accuracy of FFQ is 
lower than the other two methods of dietary assessment. The most significant challenge 
of using is to identify the sources of iodine-containing foods, especially those infrequent-
consumed iodine-rich foods (e.g. sushi).  
A 24-hour recall is the most widely used dietary assessment method  to identify 
food and nutrient consumption in nationwide nutrition survey and cross-sectional studies 
(29). Compared to the food record, the 24-hour recall is less burdensome for participants 
because they only need to recall food and estimate amounts over a 24-hour period and 
this involves a relatively short interview of 30-40 minutes. Multiple one-day 24-hour 
recalls from a sub-group of participants that are representative of the whole group can be 
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used to assess the usual average intakes of a large population. Being a retrospective 
dietary assessment method, the usual consumption of the participant is not altered. It is 
relatively quick to conduct  and it requires a low level of low literacy from the participant 
(29). The primary source of error in collecting data is the quantification of portion size. It 
is common for the participants to under-report the caloric content of food and food 
portion size, especially when food is perceived as less healthy (27). The 24-hour dietary 
recall has been used in the 2008-09 Adult Nutrition Survey using a multiple-pass method. 
Dietary recall data were collected from all the participants for the first day while a sub-
sample of respondents was selected to do the second day of  food recall to allow for 
adjustment of day-to-day variation (26). 
2.5.2 Biomarkers 
 
Since more than 90% of the iodine is excreted in the urine, the urinary iodine 
concentration (UIC) is an excellent a good indicator of recent iodine intake in the body.  
 Median UICs of a group of population is a good indicator of the average iodine intake 
within the group (1, 30). Urine samples can be either spot (casual) samples or 24-hour 
urine samples, although 24-hour samples are burdensome. To evaluate the iodine intake 
of a population, it is impractical to collect a 24-hour urine sample and hence spot urine 
collection from a representative group is used instead. As suggested by WHO, a median 
UIC >100µg/L per liter is an indication of iodine sufficiency (31). A value between 50 
and 99 µg/L is an indication of mild iodine deficiency while the range from 20 to 49 µg/L 
is an indication of moderate iodine deficiency. If the UIC falls below 20 µg/L, it shows a 
severe iodine deficiency status. However, one simple spot urine cannot be the indication 
of an individual usual iodine status as UIC can be influenced by daily consumption 
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variation and hydration level (32). Therefore, although UIC is the recommended index 
for iodine status, it is unable to provide direct information on the amount of iodine in the 
diet and cannot be used to identify the food groups that are the major contributors to 
iodine intake (33). 
The goitre size is another biomarker that can be used to evaluate the iodine status 
in the body. Goitre is the reflection of the enlargement of the thyroid gland as a result of 
iodine deficiency. The size can be determined either by neck inspection and palpation (1). 
WHO/UNICE/ICCIDD introduced a two-grade classification system to identify the 
severity of goitre (34). However, it is not a reliable indication of mild to moderate iodine 
deficiency because of poor sensitivity and specificity. Ultrasonography is the other way 
of determining thyroid volume. but is more expensive and technical expertise is required.  
2.5 Iodine Status in New Zealand  
 
Table 1 indicated the iodine status of the New Zealand Population from 1925 to 
2019. It showed that iodine deficiency was common in New Zealand in the 1900s. In 
1925, Hercus et al. (16) reported that 61% of children (n=1400) living in New Zealand 
had enlarged thyroids to some degree. In 1939, iodised salt (40-80 mg Iodine/kg salt) was 
introduced in New Zealand  (35). Following this intervention, the prevalence of goitre 
had dropped to 0.1% by 1958 as reported by Purves (36), which meant that the iodine 
status of New Zealand had improved.  Additional iodine entered the diet through the use 
of iodine-containing iodophors sanitizers used in the dairy industry. In 1984, a study done 
by Cooper et al. (37) measured iodine status of females aged between 16 and 40 years old 
in Auckland and reported a Median Urinary Iodine Concentration (MUIC) of 
2.4mmol/L/day indicating an adequate iodine intake.  
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The use of iodophors was reduced after 1990, which coupled with a decrease usage of 
salt due to health recommendation; as a result, the iodine status in New Zealanders 
declined again. The research done by Thomson et al. in 1997 found that the population 
was at risk of iodine deficiency as evidenced by the considerably lower dietary intake of 
iodine than that of previously reported and the recommended dietary intake (150 µg/d) 
(38). From then on, mild iodine deficiency was found in many studies measuring the 
median urinary iodine concentration, thyroid hormone assays as well as dietary 
assessment. In 1997, Thompson et al. (38) assessed the iodine status of adult residents in 
Otago and Waikato regions. The MUIC was 42 µg/L for those who lived in Otago and 53 
µg/L in Waikato, which suggested mild to moderate iodine deficiency within the 
population. Two studies done in Otago in 2001 and 2002 proved that mild to moderate 
iodine deficiency was re-emerging in the adult population (39-41). Similar tendency was 
found in the children’s studies as well. The iodine status of New Zealand children survey 
was examined by Skeaff et al. (41) in Dunedin and Wellington from 1996 to 1999. The 
MUIC was 66 µg/L, together with a 12% goitre prevalence, indicating mild iodine 
deficiency among the children. A similar MUIC of 67 µg/L was reported in the 
Children’s National Survey which was conducted nationwide with a sample size of 1796 
(42).  
Mandatory fortification of bread with iodized salt has been conducted since 2009, 
which has improved the iodine status to assure adequate oral iodine intake (24). To assess 
the effectiveness of this policy, several studies were conducted among both children and 
adult population after 2009 by measuring the urine iodine concentration as well as dietary 
iodine consumption. The New Zealand Total Diet Survey (NZTDS) is a nationwide 
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survey which aims to assess exposure to certain contaminants and nutrients, including 
iodine. Simulated 14-day diets are developed for eight selected population age-sex group 
based on the FFQ and 24-hour diet recalls from the previous national nutrition surveys 
(18). However, the use of discretionary salt is not included in the NZTDS thus total 
iodine intake is likely to be underestimated. Comparing the New Zealand Total Diet 
Survey (NZTDS) from 2003 to 2016 shows that dietary iodine consumption has been 
improved after the mandatory fortification of bread in 2009 (4, 17, 18). This increase is 
confirmed by the increased in MUIC from to 53 µg/L in the 2008/09 Adult Nutrition 
Survey to 103 µg/L in the rolling 2014/15 health survey (3, 43).   
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Table 3 Iodine status of the New Zealand population from 1925 to 2019 
Year  
 
Author  n Participant 
Characteristics  
Indicator of iodine 
status 
Main findings  Iodine 
deficiency 
status  
1925 Hercus CE et 
al 
 Children Goitre rate 
Urine not measured 
40-67% of South Island children with 
goitre  
Moderate 






24-hour urine sample UIE 25-57 ug/day Moderate 
1984(37) Cooper GJ et 
al 
231 Adult females 
16-40 yrs 
24-hour urine sample UIE 305 ug/day  Adequate  
1997(38) Thomson CD 
et al 
333 Adults aged 24-hour urine sample 
Thyroid hormone 
1MUIC = 42 ug/L (Otago) 





2001(39) Thomson CD 
et al 
233 Adult aged  24-hour urine 
samples Thyroid 
hormone 
Thyroid volume  
MUIC = 55 ug/L (Males) 
MUIC = 69 ug/L (Males) 
 
Significant correlations were found for 
relationships between measures of 
urinary iodide excretion and thyroid 
volume and thyroglobulin.  
Mild  
2002(41) Skeaff SA et al 300 Children aged 8-
10y 
Spot urine sample 
Goitre rate 
MUIC = 66 ug/L. 
11.3% of children had goitre 
Mild 
2003(42) Ministry of 
Health 
 Children aged 5-
14 years 
Spot urine sample MUIC = 66ug/L (68ug/L for male; 
62ug/L for female) 
 
Mild 
2009(21) Rose M et al 93  Children aged ... Spot urine sample 
Blood sample  
 
MUIC = 63mcg/L  
Median Tg = 14mcg/L  
Mild 





Adults aged 15+ 
years 
Spot urine sample MUIC = 55 ug/L Mild 
2012(44) Skeaff SA et al 1153 Children aged 5-
14 years 
Spot urine sample 
Blood sample  
MUIC = 68ug/L.  







Author  n Participant 
Characteristics  
Indicator of iodine 
status 
Main findings  Iodine 
deficiency 
status  
2013(45) Skeaff SA et al 147 Children aged 8-
10 years  
Spot urine sample 
Fingerprick blood 
sample  
MUIC = 113ug/L 
Median Tg =10.8ug/L 
Adequate  
2016(46) Jones E et al 415 Children aged 8-
10 years  
Spot urine sample 
Fingerprick blood 
sample 
MUIC = 116ug/L  
(females 106ug/L and male 131ug/L)  
Median Tg = 8.7ug/L 
  
Adequate  
2016(47) Edmonds JC et 
al 
301 Adults aged 18-
64 years 
24-h urine sample 
 
MUIC =73ug/L 











Spot urine sample MUIC = 91 ug/L Mild-
Adequate 
MUIC = Median Urinary Iodine Concentration 
MUIE = Median daily Urinary Iodide Excretion 
Tg = Thyroglobulin 
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Table 4 New Zealand studies between 1997-2016 that included an iodine-related dietary component 
Year  Author  n Participant 
characteristics  
Dietary component Main findings 
1997(38) Thomson 
CD et al 
333 Males and 
females 
Questions about iodised 
salt use  
93% of the subjects used iodized salt 
48% of the subject reported never adding salt to 
meals at the table 
 
2002(41) Skeaff SA 
et al 
300 Children aged 8-
10y 
Iodine-specific food 
frequency questionnaire  
Almost 30% of the children's caregiver did not use 
iodized salt in cooking 
51% of the children did not use iodized salt at the 
table  







14-day simulated typical 
diets  
The estimated mean daily intake of iodine was 
significantly lower than the Recommended Daily 
Intake.  
Key sources of iodine were dairy foods, eggs, 
mussels, fresh fish and oysters. 







14-day simulated typical 
diets  
 
2009(21) Rose M et 
al 
93  Dunedin school 
children 
Iodine-specific food 
frequency questionnaire  
83% of children have iodine intakes below the EAR 
The addition of iodised salt to bread increase the 
average iodine intake to 75-104 mcg/day 
2013 Skeaff SA 
et al 
147 Children agreed 
8-10 years  
Iodine-specific food 
frequency questionnaire  
The mean iodine intake was 125µg/d 
Before fortification, 40% of total iodine in NZ 
children came from milk and dairy products 
28% of total iodine intakes contributed from bread 
56% of children never use iodised salt at the table 
29% of the children’s parents never used iodised 
salt in cooking  
 
2016(46) Jones E et 
al 
415 Children aged 8-
10 years  
Iodine-specific food 
frequency questionnaire  
The mean iodine intake = 65µg/d (food only) 
Bread contributed to 51% of total iodine intake in the 
food-only model  
The mean iodine intake = 101µg/d (food-plus-




Year  Author  n Participant 
characteristics  
Dietary component Main findings 
2016(47) Edmonds 
JC et al 
301 NZ adults living 




frequency questionnaire  
 
Estimated iodine intake = 132µg/d (including 
discretionary salt) 
Iodine intake were associated with UIC and UIE 
 
.  





14-day simulated typical 
diets  
Estimated mean iodine intake range for adult 
population =100-140µg/d 
Estimated iodine intake for children aged 5-6 years 
= 92µg/d 
Cereal grain-based foods was the largest 
contributor to the iodine intake followed by dairy and 






Iodine is essential for t metabolism and therefore plays an important role in 
physical and mental development. Sufficient iodine intake ensures normal growth in 
adolescence. Studies suggested that iodine intakes in New Zealand children and adults is 




3. Objective Statement 
 
In New Zealand, the most recent national health survey reported adequate iodine 
status in adults aged over 15 years old based on the median urinary iodine concentration 
(UIC) of spot urine sample (4, 48).  
 
Aim of study:  
To determine the adequacy and sources of dietary iodine intake of adolescents aged 15 to 
18 years old, and to compare status and food sources between male and female 
adolescents. 
 
The objectives of this study were to: 
1. Determine total usual iodine intake in male and female adolescents, from food only. 
2. Determine the use of iodised salt in male and female adolescents. 
3. Determine total usual iodine intake in male and female adolescents, from food and 
iodised salt, if used. 
4. Identify the main food groups contributing to iodine intakes in male and female 
adolescents 





The SuNDiAL project (Survey of Nutrition, Dietary Assessment and Lifestyle) 
aimed to compare the diets and physical activity levels of New Zealand males and 
females aged between 15 and 18 years. The project was conducted in two parts, 
SuNDiAL 2019 focused on female adolescents and SuNDiAL 2020 focused on male 
adolescents, with both groups recruited throughout the country. The investigation of diet 
included assessing nutritional status, dietary habits, health status, motivations and 
attitudes towards food choice, while the investigation of physical activity included 24-
hour activity patterns and screen time habits. The focus of this thesis was on iodine 
intake, one of the micronutrients assessed in the dietary component of the project.   
 
4.1 Study Design 
 
This was a cross-sectional study of adolescents aged between 15 and 18 years 
from 19 high schools located throughout New Zealand. Data from females were collected 
in eight locations including Whangarei, Wellington, Tauranga, New Plymouth, 
Christchurch, Dunedin, Wanaka and Nelson while data from males were collected in nine 
locations including Whangarei, Auckland, Wellington, Tauranga, New Plymouth, 
Christchurch, Dunedin, Wanaka and Nelson. These locations were chosen because 
Master of Dietetics (MDiet) students were located in these areas, thus able to undertake 
data collection. 
MDiet students were responsible for the data collection and underwent a rigorous training 
programme (i.e. in the HUND5A paper in the previous semester). The training included 
methodology for the accurate collection of anthropometric measurements, two 24-hour diet 
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recalls, two physical activity recalls, and data input analysis including the use of the 
FoodWorks software.  
The SuNDiAL 2019 and 2020 project was registered with the Australian New 
Zealand Clinical Trials Registry, with the registration number ACTRN12619000290190 
and ACTRN12620000185965 respectively. SuNDiAL 2019 and 2020 was approved by 
the University of Otago Human Ethics Committee (Health): H10/004 and H20/004 
(Appendix A-D).  
4.2 Recruitment 
 
Female participants were recruited in 2019 using both school-based recruitment 
and targeted recruitment while male participants were recruited in 2020 only using 
school-based recruitment. 
4.2.1 School-based Recruitment 
 
The inclusion criteria was that the school included the targeted gender group and 
had a total student roll of more than 400 students.  School recruitment started at the end 
of the previous year, in November 2018 for the female cohort and October 2019 for the 
male cohort. An initial email was sent to eligible schools to introduce the SuNDiAL 
project and invite the school to take part. If there were no email response from schools 
and the target number of at least 14 schools involved in the study throughout the country 
was not achieved, other schools in the area were approached by word of mouth. Schools 
were visited by data collectors and the study was explained in more detail to the 
principal. If interested, the principal was asked to sign a consent form. Consenting 
schools were contacted to book a date and time for the data collectors to visit the school 
to present the project to the students.  
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4.2.2 Participants Recruitment 
 
During the school visit, a presentation was given that introduced the project and 
guidelines of what was expected of participants. Information leaflets were handed out to 
the students for more detailed information (Appendix E, F). Students who were aged 15-
18 years that showed an interest in the study were encouraged to provide their name, age, 
email address, and contact number for further follow-up. Study information was also 
posted in the school newsletter as well as school-related social media (eg Facebook or 
Instagram). The study website (www.otago.ac.nz/sundial) was also provided to the 
students for more detailed information and this included a link to a video. Students were 
also able to express interest in participating via the website. 
An email was sent to all potential participants containing a link to a Research 
Electronic Data Capture (REDCap) questionnaire. Interested students were then able to 
register in REDCap, at which point a unique study ID code was assigned to each student. 
To finish the enrolment, an online consent form was required for the participant to 
complete. If a student was under the age of 16, the parents or guardians were required to 
provide consent.  
 
4.3 Data Collection 
 
Data collection were carried out by Master of Dietetics (MDiet) students between 
March 2019 and April 2020. Participants in each school were randomly assigned to 
MDiet students residing in that location. A school visit was booked for the data collectors 
to obtain the anthropometric, dietary and physical activity level data.  
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 A study protocol manual was used in the SuNDiAL study. This included detailed 
instructions about the following procedures: participant recruitment, data collection, 
measurement tools, data monitoring, and quality control.  The study protocol outlined the 
standard operating procedures for the 24-hour dietary recall, 24-hour activity recall, 
blood pressure measurement, anthropometric measurements and accelerometer protocol.  
 On the day of data collection, anthropometric measurement, including height, 
weight and ulna length were obtained. Blood pressure was also measured. The first diet 
recall was undertaken (see section 4.4.2). For male participants, an activity recall was 
conducted for the previous day. A trained phlebotomist visited school to take blood 
samples. For those who consented, a spot urine sample was obtained. The Actigraph 
GT3x+ accelerometer was provided to the participants who were willing and consented to 
wear this over 24 hours for seven days. Participants who wore the accelerometer were 
required to complete a sleep and wear time diary to record any situation the 
accelerometer was removed for more than five minutes, for example, during showering. 
The in-school data collection took approximately 60 minutes to complete for each 
participant. 
 The second 24-hour diet recall and physical activity recall were scheduled to take 
place at least seven days after the first set, with weekend days preferred to provide better 
day-to-day variation. The second recalls were undertaken over the phone or by video-call 
(Facetime or Zoom).  
 Due to Covid-19, New Zealand went into lockdown under the alert level four. 
Therefore, from 26th March 2020, both 24-hour diet recall and previous day physical 
activity recalls were conducted via phone or video-call since face-to-face data collection 
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was not possible. For the participants in those schools which has not been visited before 
26th March 2020, both first and second 24-hour diet recall and previous day physical 
activity recalls were done through phone or video-call.     
 
4.4 Measurement Tools Used Relevant to This Study 
 
4.4.1 Demographic, health status, dietary habits, attitudes and motivations for food 
choices 
 
After participants consented, they were asked to complete an online questionnaire. 
The majority of the questions in the questionnaire were based on a previous validated 
questionnaire that was modified for New Zealand adolescents aged between 15 and 18 
years (49-51). The modified questionnaires for female adolescents were piloted in 
September 2018 with a group of adolescent females while for males was piloted in 
October 2019. The questionnaire obtained information on basic demographic and health 
status (Appendix   G, H), dietary habits, and attitudes and motivations for choice of 
foods questions. Ethnicity was self-identified and assessed using the 2006 New Zealand 
Census question (52). When more than one ethnicity was identified, a prioritized system 
was used in the following order: New Zealand Māori, Pacific Island, Asian, Other (e.g. 
Latin American, Middle Eastern, African) and then New Zealand European (53). Home 
address was used to determine New Zealand Deprivation Index (NZDep) (54). NZDep is 
an area-based measure of socioeconomic deprivation in New Zealand. Participants with a 
deprivation level of 1 to 3 were categorized as low (less deprived), 4 to 7 as moderate and 
8 to 10 as high (most deprived) (54). Questions about health status asked about high 
blood pressure, diabetes and any food allergies or food intolerances. The dietary habit 
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questions were used to determine the frequency and quantity of consumption of 13 food 
groups based on 2008/09 Adult Nutrition Survey (43).   
 
4.4.2 Dietary Intake Assessment 
 
MDiet students were trained by experienced tutors to conduct 24-hour diet recalls 
and enter the recall data into FoodWorks 10 (Xyris Software) by following the standard 
operating procedure in the study protocol as stated previously. The training aimed to 
increase the accuracy and consistency of the results. The training session occurred by the 
end of the first year of dietetics study with a subsequent retraining in February or July the 
following year, depending on when MDiet students were about to collect data. The 
retraining for SuNDiAL 2020 was only held in February since the second semester data 
collection was cancelled due to Covid-19.  After training, MDiet students had practiced 
and completed at least three 24-hour diet recalls following the standard 24-hour diet 
recall protocol and using a standard recording sheet (Appendix I). Training included 
advice about giving prompts and tips to the participants to gather as much information as 
possible.  
Two 24-hour diet recalls were conducted on each participant. The first diet recall 
was conducted face-to-face while the second diet recall was conducted via a phone or by 
video-call. During each session, after a small causal talk to build rapport with the 
participant, the participant was asked to provide a quick list of what he/she had eaten or 
drunk from midnight to midnight of the previous day. At the end of the quick list, the 
total water consumed was recorded. Next, detailed descriptions about each item 
mentioned in the quick list were obtained. The data collectors used prompts to help 
participants describe foods and drinks in as much detail as possible including information 
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about brands, cooking method, recipes, portion size, time of consumption, and any 
leftovers. The Countdown website, a booklet of visual aids and physical equipment were 
used help participants estimate the portion sizes. A set of questions about added salt use 
(yes, no) and the type of salt (iodised, non-iodised, unknown) used at home were also 
included. These were used to determine the use of discretionary salt in cooking and/or at 
the table but not quantity of salt. At the end of the first diet recall session, a time for the 
second 24-hour recall was organized.  
MDiet students were responsible for entering the 24-hour diet recalls of their 
assigned participants into FoodWorks 10, which uses New Zealand FOODfiles 2018 and 
the Adult Nutritional Survey 2008/09 recipes to calculate nutrient intakes (55). A 
SuNDiAL code book was used to standardise decision making regarding unavailable 
foods in the FoodWorks database, recipe development and inaccurate or adjusted food 
item information. Any new food items or recipes that were manually created in the 
FoodWorks included the retention factors for ingredients and moisture yields for the 
recipe. The iodine content in the bread was updated by the Iodine Added (IA) 12/19 
version of the FoodWorks to account for the mandatory fortification of bread with 
iodised salt. Once the data entry of assigned 24-hour diet recalls was complete, the 
supervisor responsible for the FoodWorks database reviewed 10% of the data entry from 
each MDiet student to ensure the accuracy of the data entry.  
 
4.4.3 Anthropometric Measurements 
 
Weight, height and ulna length were measured in duplicate during the in-school 
session by the data collectors. Participants were required to remove shoes and wore light 
clothes and then stepped onto the centre of a calibrated electronic scale (Medisana 
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PS420; Salter 9037 BK3R; Seca Alpha 770; or Soehnle Style Sense) for weight 
measurement and stadiometers (Seca 213; and Wedderburn) for height measurement. 
Ulna length was measured on the non-dominant arm of the participants by using a 
flexible steel measuring tape. Body Mass Index (BMI) z-score was used to categorize 
weight status because participants were between the ages of 15-18 years and still 
growing. The BMI z-score was determined according to the guidelines of the World 
Health Organization (WHO) (56), and weight status classified as follows: underweight 
(<-2SD), healthy weight (>-2 to +1SD), overweight (≥+1 to <2SD) and obese (≥+2SD) 
(57). 
 
4.4.4 Physical Activity Recall 
 
Two 24-hour physical activity recalls were obtained for the previous day using a 
30-minute time slot graph which included self-reported intensity, together with screen use 
time, to assess the physical activity level among the male participants. Both physical 
activity recalls were conducted for the same day as the diet recalls.  
 
4.4.5 Accelerometer  
 
Participants were given an Actigraph GT3x+ accelerometer during the school visit 
and were required to wear this continuously for 24 hours for seven days. Participants 
were also required to fill in a sleep and wear diary to record to sleep and times when the 
accelerometer was removed for more than five minutes. The reason for removal was also 




4.4.6 Blood Sample Collection 
 
The blood samples of participants who had signed the consent form were 
collected by a phlebotomist during the in-school visit.  
 
4.4.7 Urine Sample Collection 
 
Participants who consented to provide a urine sample were free to collect a urine 
kit during the day when a phlebotomist visited the school. Each urine kit contained a pair 
of gloves, a urine collection cup, and a test tube, and after an explanation by a data 
collector, participants collected their own spot urine sample. Urine samples were kept in 
the freezer for future analysis and are not reported for this study.  
 
4.5 Statistical Analysis 
 
The overall statistical analysis was carried out using Stata (StataCorp. 2017. 
STATA Statistical Software: Release 16 College Station, TX: Stata Corp LLC). The 
Multiple Source Method (MSM) (58) was used to adjust nutrient intake data. Data 
analysis, including adjusted nutrient data, was analysed using Microsoft Excel. For those 
participants who reported use of iodised salt, 48µg iodine was added up to their total 
dietary iodine intake (2). The mean (SD) from foods with or without iodised salt was 
calculated for boys and girls. The mean difference and 95% confidence intervals (Cls) of 
iodine intake between boys and girls from foods with or without iodised salt was 
determined.  
The major food groups contributing to the iodine intake were based on the food 
groups defined for the Adult Nutrition Survey 2008/09 (43). In some instance, sub-groups 
were merged into one larger group. For example, bread and bread-based dishes were 
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combined, milk and dairy products were combined, and fish and seafood were combined 
into one food group. The iodine contribution from foods group was determined for 
individual participants and the mean presented for the sample of participants. Participants 
who reported the use of iodised salt had 48µg of iodine added to their total iodine intake. 
Those who reported ‘did not know’ were classified as a non-iodised salt user and no extra 
iodine was be added. Participants who were missing data are noted by the reporting of a 
different sample size.    
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5. Results  
5.1 Participant Recruitment 
 
Figure 1 shows the flow chart of the recruitment. The total numbers of girls and 
boys who could take part in the study from all consenting schools was 3936 and 1664, 
respectively. Of these, 12% girls and 20% of boys expressed an interested to take part in 
the study. There were 211 girls that did not meet at least one study criteria (i.e. consent, 
outside the age range etc), resulting in final sample size of 272 female adolescents. There 
were 188 boys that did not meet the study criteria, resulting in a sample of 146 boys. A 
total of 418 female and male participants enrolled in the study. A further 6 girls and 11 
boys did not fill in the questionnaire or complete the diet recalls, resulting in 266 female 
and 135 male participants. The percentage of female participants who completed both 




Figure 1 Participant recruitment 
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5.2 Social Demographic Characteristics of the Participants 
 
The participants’ socio-demographic characteristics are summarised in Table 5. 
The majority of the participants were aged 16 and 17 years. Most (57%) of the boys 
identified themselves as New Zealand European and Other ethnicities (NZEO), which 
included Ethiopian, Somali, Italian, American, Nicaraguan, Irish, Afrikaans, Dutch, 
German, South African, Middle Eastern, Russian and Zimbabwean. The percentage of 
the female participants categorized as NZEO was higher than that of the male participants 
(78%). More male participants were Asian than female participants (32% vs 3%), 
whereas more female participants were Māori and Pacific compared to male participants 
(27% vs 12%). The proportion of boys and girls in NZDep categories was similar. The 
majority of the participants, 67% of boys and 65% of girls, had a healthy weight 
according to the BMI z-score. However, more girls were categorized as obese than boys 













Table 5 Socio-demographic characteristics of the participants 




Age, n (%)   
15 11 (8) 25 (9) 
16 55 (41) 79 (30) 
17 49 (36) 105 (39) 
18 20 (15) 57 (21) 
Ethnicity, n (%)1   
NZEO2 73 (57) 207 (78) 
Māori 12 (10) 42 (16) 
Pacific 3 (2) 6 (11) 
Asian 41 (32) 9 (3) 
NzDep, n (%)3   
Low 46 (36) 106 (40) 
Medium 54 (42) 106 (40) 
High 29 (22) 52 (20) 
BMI classification, n (%)4   
Underweight 1 (1) 0 (0) 
Healthy 73 (67) 157 (65) 
Overweight 29 (27) 57 (24) 
Obese 6 (6) 26 (11) 
1Missing value: boys (n=6), girls (n=2). 
2NZEO: New Zealand European and Others 
3NzDep: New Zealand Deprivation Index level, which is according to New Zealand Deprivation Index 2018 (54).  
4BMI classification: Body Mass Index classification, which is classified based on BMI z-scores. Classification: 
underweight (<-2SD), healthy (≥-2 to 1 SD), overweight (≥+1 to <2 SD), obese (≥2SD)(57) 
  
 
5.3 Mean Iodine Intake from Food and Iodised Salt  
 
The mean (SD) iodine intake from foods alone for male participants was 107 (27) 
µg/day while that of female participants was 82 (32) µg/day, which led to a mean (95% 
CI) of 25 (19, 32) µg/day difference (Table 6). When iodine from iodised salt was, the 
mean (95% CI) iodine intake for boys increased and was 133 (38) µg/day, while iodine 
intake of girls was 103 (28) µg/day.  The mean difference (95% CI) in total iodine intake 
from foods and salt was 30 (21, 39) µg/day. When iodine intake was adjusted for energy, 
there was no difference between boys or girls for iodine from foods only, or iodine from 




Table 6 Mean iodine intake from food and iodised salt assessed from 24-hour diet recalls 





Mean (95% CI) 
Energy, KJ 10077 (3215) 7959 (1780.62) 2117 (1454, 2780) 
Dietary source of 
iodine  
   
From food only, µg1 107 (27) 82 (32) 25 (19, 32) 
From food +iodised 
salt, µg2 
133 (38) 103 (28) 30 (21, 39) 
Iodine adjusted for 
energy 
   
From food only, µg/MJ 11(3) 10 (4) 0.42 (-0.39,1.24) 
From food+ iodised 
salt, µg/MJ  
14 (5) 13 (5) 0.26 (-0.92,1.45) 
1Mean iodine intake was adjusted for usual intake from two 24-hour diet recalls 
248µg of iodine was added to the total dietary iodine intake if the participants claimed that iodised salt were used (n=59 for 
boys, n= for 110 girls) 
 
Table 7 showed that the percentage of iodised salt use is similar between male 
and female adolescents. Only about half of the male and female participants reported the 
use of iodine salt in cooking or at the table, 56% and 53%, respectively (Table 7);  about 
6% of the participants did not know what type of salt was used at home.  
When iodine intake from foods alone is considered, 31% of male participants had 
an iodine intake below the EAR. When iodine from salt was added to foods, the 
proportion of boys with an iodine intake less than the EAR decreased to 18%. For girls, 
when iodine intake from foods alone was considered, 68% had an iodine intake below the 
EAR.  When iodine was included from both foods and iodised salt, the percentage of girls 
with an iodine intake below the EAR was 39%.  
 
Table 7 Iodised salt usage 
Iodised salt usage Boys Girls 
Yes, n (%) 56 (55) 110 (53) 
No or do not know, n (%)  40 (39) 83 (40) 




5.4 Food Group Contribution to the Dietary Iodine Intake 
 
Figure 2 shows the contribution of different food groups to dietary iodine intake 
in adolescents. Bread and bread-based dishes contributed most to the dietary iodine 
intake, at 31% for boys and 29% for girls. Grains and pasta was the second main dietary 
source of iodine intake for the male participants (21%), but for girls, milk and dairy 
products was the second largest food group contributing to the dietary iodine intake 
(12%). The contribution of the other food groups was similar between male and female 
participants, except that the iodine intake from non-alcoholic beverage of female 
participants was slightly higher than that of male participants (9% vs 6%).  
 
 

















































6. Discussion and Conclusion 
 
Iodine deficiency re-emerged in New Zealand in the 1990s (16). In order to 
improve iodine intakes, addition of iodised salt to bread became mandatory in 2009. 
Studies conducted subsequently have reported an improvement in iodine status in 
children and adults but little is known about adolescents. This study aimed to measure the 
dietary iodine intake of male and female adolescents aged 15-18 years and determine the 
contribution to intake from major food groups.  
 
6.1 Participants Characteristics 
 
Recruitment of participants for this study was limited by to locations where 
MDiet students resided. Therefore, the characteristics of the sample population are not 
representative of the New Zealand adolescent population. Compared to the 2018 New 
Zealand Census data of male population where 73% identified as NZEO, compared to the 
57% in male adolescents in this study, while the percentage of adolescent males in this 
study who identified as Asian was 32%, higher than the Census value of 22% (59). The 
high percentage of Asian participants in the high school in Auckland was the main reason 
for the over-representation of Asians in the male population. Less Māori and Pacific 
people were included in the male sample in this study compared to the 2018 census data 
(59). However, the characteristics of the female adolescents were not the same as the 
male adolescents and were more similar to the 2018 New Zealand Census data (59). Also, 
most of the participants (65%) in this study were within a healthy weight range; however, 
in the 2018/19 New Zealand Health Survey, only 50% people from 15 to 24 years old 
were within the healthy weight (60). The iodine status of this sample may be different to 
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a more representative sample of people within this age group. For instance, iodine intake 
may be underestimated in the low NZDep area due to a higher bread intake which could 
result in a higher consumption of iodine. More of this sample were a healthy weight, with 
lower energy intakes; greater representation of overweight and obese adolescents with a 
higher energy intake could also result in a higher iodine intake.  
 
6.2 Iodine Intake in Male and Female Adolescents 
 
In the study, the mean iodine intake from food alone for females was 82 µg/day, 
which did not meet the EAR of 95µg/day suggesting an inadequate intake of iodine. 
Urinary Iodine Concentration (UIC) is a typical indicator of iodine status in the 
population(33, 61). Although UIC was not measured in this study, the median UIC 
(MUIC) can be estimated because approximately 90% of the dietary iodine intake is 
excreted in the urine. Based on this assumption, the predicted MUIC for female 
adolescents in this study is 74 µg/L, indicating mild deficiency. A study of UK 
schoolgirls aged 14-15 years reported a MUIC was 80.1 µg/L, also indicating mild iodine 
deficiency (62). Mild iodine deficiency in girls is common in many countries, which is of 
concern, since adequate iodine intake is important for females of reproductive age to 
ensure normal fetal development. In contrast, however, another study assessing iodine 
status of Irish girls aged 14-15 years reported a MUIC of 111 µg/L, indicating iodine 
sufficiency despite no current fortification programme (63). Brazilian students aged 6-14 
years had a MUIC of 276.7 µg/L indicating adequate iodine status (64).  
In the present study, males had a significantly higher iodine intake from food only 
compared to female adolescents, 107µg vs 82µg/day respectively; mean (95%CI) 
difference of 25 (19,32) µg iodine/day, and the predicted MUIC for these male 
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adolescents is 96 µg/L. A similar result was found in the 2016 Total Diet Survey, where 
the adjusted iodine intake, which means food only (no salt), for male adults was 133 
µg/day which was higher than that of female adults at 100 µg/day. In the present study, 
males consumed more than 3000 kJ than females, and when iodine intake was adjusted 
for energy (i.e. iodine intake per MJ) there was no difference between sexes, indicating 
boys have a higher iodine intake from food than girls because they eat more food. 
When iodine from iodised salt was included, the mean iodine intake of adolescent 
boys and girls increased to 133 µg/day and 103 µg/day, respectively, higher than the 
EAR of 95 µg/day. This increase demonstrates that the inclusion of iodised salt in the 
cooking and at table can substantially increase iodine intake and improve iodine status. 
The 2014 update report on the dietary iodine intake by Ministry of Primary Industries 
(MPI) investigated the estimated dietary intake of participants aged 14 years old (2). The 
report showed that without adding discretionary salt to the diet, the iodine intake of males 
(i.e. 112 µg/day) was above EAR whereas that of females (i.e. 94 µg/day) was below the 
EAR. After discretionary salt with an iodine concentration of 48 ppm was included, 
iodine intake increased to 178 µg/day for males and 138 µg/day for females (2). The 
higher iodine intakes reported by MPI can be explained by the fact that 48 µg of iodine 
was added for every participant, while in this study, 48 µg was added only to those 
participants who self-reported use of iodised salt (2). Both the study by MPI and this 
study demonstrate that the use of iodised salt should be encouraged, especially among 




6.3 Comparison of Food Group Contribution Between Male and Female 
Adolescents 
 
Bread and bread-based dishes were the largest food groups contributing to the 
dietary iodine intake for both male and female adolescents, at about a third of the total 
intake. A similar finding was observed in the 2016 NZTD and the 2014 MPI report, both 
showing that bread is the makes the largest contribution to the iodine intake (2, 4). 
Together these studies demonstrate that the mandatory use of iodised salt as a strategy to 
fortify of bread has been successful to help meet the requirement of iodine intake for the 
overall population except for pregnant women, who are still recommended to take  and 
iodine supplement need to meet their higher iodine requirement. A study conducted in 
young Australian adults showed the same improvement in iodine status with a pre-
fortification MUIC of 58 µg/L increasing to 101 µg/L (65). Grain and pasta was the 
second contributor for male adolescents. Dairy and dairy products was the third largest 
contributor of iodine intake for male adolescents and second largest for female 
adolescents in this study, which is consistent with the 2014 MPI report (2) . In the 2016 
NZTDS, the major contributor of iodine intake was from grains which included bread 
(~54%) while the second largest contributor to iodine intake was from chicken, eggs, fish 
and meat (~13%),  followed by dairy products (~12%) (4). The main reason contributing 
to the difference is the different food group category in different studies.  
 
6.4 Strengths and Limitations 
6.4.1 Strengths 
 
This study had a number of strengths. The quality of the data obtained from the 
24-hour diet recalls was high for a number of reasons. Firstly, all data collectors were 
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trained prior to the data collection. By following the same protocol and pilot testing, 
accuracy and consistency were ensured. Secondly, when the 24-hour diet recalls were 
conducted, standardised household measuring equipment were used as well as a portion 
size photograph booklet to the participants to help with the estimation of the portion size. 
Finally, the data was reviewed by an experienced supervisor who checked the accuracy of 
all newly created recipes entered into FoodWorks.  
The other strength of this study was the collection of two 24-hour diet recalls that 
allowed the MSM programme to adjust for usual intake. For each participant, one diet 
recall was collected on a weekday and the other on a weekend day. In this way, using two 
24-hour diet recalls minimised random error and the results were more representative of 
usual intake.  
 
6.4.2 Limitations  
 
This study also has a number of limitations. About half of the diet recalls for the 
male participants were collected during the lockdown because of the Covid-19 pandemic 
therefore, diets might be different from as what the male participants would normally eat 
during school days. For example, there might be less takeaway and unhealthy foods 
recorded and more home-made instead, which potentially may affect the results of iodine 
intake due to the usage of iodised salt in cooking or at table. Also, for some participants 
during lockdown, both diet recalls were conducted via phone or video. As a result, it was 
hard to demonstrate the measuring equipment and show the portion size photograph 
booklet to the participants and makes the estimation of portion size not as accurate as it 
should be. However, what might help was that since the participants were at home, it was 
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easy for them to have access to the brand of the food products and had access to the 
household measuring tools in their kitchen if necessary.  
Not all participants knew if iodised salt was used in the home, thus missing data 
could be another limitation of the study. This could be addressed by a follow-up phone 
call to participants after they checked about salt use in the home.  
In this study, UIC was not measured to determine the iodine status. UIC is a well-
accepted and cost-effective indicator showing the iodine status among the population 
(33). Spot urine samples have a lower respondent burden compared to collecting dietary 
data and are more accurate at estimating iodine intake from food and added iodised salt 
(33). Some participants did provide urine samples, and if UIC is measured in these 
sample, the results of this study could be confirmed. For all the participants who claimed 
the use of iodised salt, 48µg of iodine was added to their total daily iodine intake; 
however, this may be an under- or overestimation of the amount of iodine from iodised 
salt, due to the differences in the amount and frequency of the salt added to cooking and 
at the table.  
 
6.5 Future Application   
 
Because energy intake of female adolescents is lower than male adolescents, less 
iodine will be obtained from foods, and females should consider including iodine-rich 
foods in their diets. The fortification of bread with iodised salt has improved iodine status 
in children and adults and has improved intakes in adolescents. Fortifying other food 
products, such as noodles and pasta, is the easiest and the most cost-effective way to 
ensure adequate intakes in all populations; replacing plain salt with iodised salt in more 
foods should be considered. There is an increased, and growing, reliance on convenience 
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and processed food, many of which are made with non-iodised salt (25). By using iodised 
salt in these, intakes could be easily increased.   
Using iodised salt in cooking or at table is also an effective way to increase iodine 
intake. However, high salt intake can contribute to high blood pressure and increase the 
risk of hypertension in the long term. Therefore, increasing salt intake is not 
recommended because it runs counter to healthy eating recommendations provided by the 
Ministry of Healthy (66, 67). A more sensible option is to increase the iodine content of 
the iodised salt. By increasing the amount of iodine in iodised salt, less salt can be 
consumed but still provide sufficient iodine. Increasing the iodine content of iodised salt 
is unlikely to cause the intake of iodine to be above the UL as the UL is set at a high 




This is the first study to measure the dietary iodine intake of adolescents aged 15-18 
years in New Zealand. The study found that dietary iodine intake in male adolescents was 
adequate, however, for female adolescents, if iodised salt was not used in cooking or at 
table, iodine intake was below the EAR. Only half of the participants in the study self-
reported used of iodised salt. The difference of iodine intake between male and female 
adolescents was mainly due to the difference of energy intake. The main food group 
contributing to the dietary iodine intake was bread and bread-based dishes, demonstrating 
the effectiveness of the mandatory fortification of bread. This study highlights the 
importance of fortifying staple foods such as salt and bread. The fortification of other 
staple foods would help ensure the adequacy of iodine intake in this age group.  
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7. Application of Research to Dietetic Practice 
 
Part A: The present thesis has highlighted that the difference in iodine intake 
between male and female adolescents is mainly due to the difference in energy intake. 
Also, it has highlighted that because of the lower energy intake among female 
adolescents, they are at higher risk of iodine deficiency, particularly for those who did not 
use iodised salt in cooking or at table. Based on this research, it is important for the 
dietitian to educate adolescents about the importance of sufficient iodine intake and 
encourage the use of iodised salt, if salt is used, in their home.  
Also, the present thesis showed that bread and bread-related dishes was the largest 
food group contributing to the iodine intake, due to the mandatory fortification of bread 
with iodised salt. Adolescents consume large quantities of processed and convenience 
foods, and other than bread, these foods are made with non-iodised salt. Therefore, 
dietitians should advocate for the replacement of salt with iodised salt in the manufacture 
of such foods to increase dietary iodine intake.  
Part B: Throughout the data collection and thesis writing, I have improved my 
communication and social interaction skills by talking to different kinds of people 
involved throughout the process. Communication plays an important role in dietetic 
practice particularly when they interact with clients. Before data collection, being from 
Malaysia and flatting with other females, I seldom spoke to male adolescents and I knew 
little about their dietary patterns apart from stereotypical assumptions. While I was 
conducting the diet recalls with male adolescents, I found large differences in the foods 
consumed. Although some boys could concisely describe their portion sizes, brand and 
recipes of foods, others could only roughly remember what they had eaten without any 
47 
 
idea of the ingredients or detail; the food model booklet and household measuring 
cutleries helped them to estimate portion size easier. From this experience, in my future 
practice, visual assistance could be a good tool to help clients provide more accurate diet 
information. Beginning sessions with a short conversation or casual talk helped build 
rapport with males, and thus with future clients.  Furthermore, time was saved if 
adolescents were given more concise guidelines about what needed to be recorded. A 
unified pattern of communication is not suitable for all clients, therefore, the way I 






1. Zimmermann MB, Andersson, M. Assessment of iodine nutrition in populations: past, 
present, and future. Nutr Rev [Internet]. 2012 [cited by 2019 Oct 10 2019 Sept 15]; 70(10): 
553-70. Available from: https://www.ncbi.nlm.nih.gov/pubmed/23035804. 
2. Ministry of Primary Industries. Update report on the dietary iodine intake of New 
Zealand children following fortification of bread with iodine. Wellington: Ministry of Primary 
Industries; 2014. 
3. Ministry of Health. Biomedical Data Explorer 2014/15: New Zealand Health Survey 
[Data file]. In: Health Mo, editor. 2020. 
4. Vannoort R, Thomson B. 2016 New Zealand total diet survey: Agricultural compound 
residues, selected contaminants and nutrients. Wellington: Ministry of Primary Industries, ; 
2019. 
5. Farhana A, Ganie S. Iodine, iodine metabolism and iodine deficiency disorders 
revistied. Indian J Endocrinol Metab [Internet]. 2010 [cited by 2019 Sept 15]; 14(1): 13-7. 
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3063534/. 
6. Zimmermann MB. Iodine deficiency. Endocr Rev [Internet]. 2009 [cited by 2019 Sept 
18]; 30(4): 376-408. Available from: https://www.ncbi.nlm.nih.gov/pubmed/19460960. 
7. Zimmermann MB, Jooste PL, Pandav CS. Iodine-deficiency disorders. The Lancet. 
2008;372(9645):1251-62. 
8. Chung HR. Iodine and thyroid function. Ann Pediatr Endocrinol Metab [Internet]. 
2014 [cited by 2019 Oct 2]; 19(1): 8-12. Available from: 
https://www.ncbi.nlm.nih.gov/pubmed/24926457. 
9. Dunn J, Dunn A. Update on intrathyroidal iodine metabolism. Thyroid [Internet]. 2001 





10. Roche J, Michel R. Thyroid hormones and iodine metabolism. Annu Rep Div Biol Med 
Res Argonne Natl Lab [Internet]. 1954 [cited by 2019 Oct 2]; 23: 481-500. Available from: 
https://www.annualreviews.org/doi/10.1146/annurev.bi.23.070154.002405. 
11. Senese R, Cioffi F, Lange Pd, Goglia F, Lanni A. Thyroid: biological actions of 
'nonclassical' thyroid hormones J Endocrinol. 2014;221(2):R1-R12. 
12. Mullur R, Liu Y-Y, Brent GA. Thyroid hormone regulation of metabolism. Physiol Rev. 
2014;94(2):355-82. 
13. Stern PH. Chapter 43 Thyroid hormone and bone. John P. Bilezikian, Lawrence G. 
Raisz, T. John Martin, editors: Academia Press; 2008. 
14. Redman K, Ruffman T, Fitzgerald P, Skeaff S. Iodine deficiency and the brain: Effects 
and Mechanisms. Crit Rev Food Sci Nutr [Internet]. 2016 [cited by 2019 Oct 5]; 56(16): 2695-





15. National Health and Medical Research Council. Nutrinet reference valurs for Australia 
and New Zealand. 2006. 
16. Hercus CE, Benson WN, Carter CL. Endemic Goitre in New Zealand, and its Relation 
to the Soil-iodine: Studies from the University of Otago, New Zealand. J Hyg (Lond). 
1925;24(3-4):321-402 3. 
17. Vannoort R, Thomson B. 2009 New Zealand total diet survey: Agricultural compound 
residues, selected contaminants and nutrients elements Wellington: Ministry of Primary 
Industries,; 2009. 
18. Vannoort R, Thomson B. 2003/04 New Zealand total diet survey: Agricultural 
compound residues, selected contaminants and nutrients. In: Industries MoP, editor. 
Wellington: Ministry of Primary Industries 2005. 
19. Laurberg P, Andersen S, Knudsen N, Ovesen L, Nøhr SB, Bülow Pedersen I. 
Thiocyanate in food and iodine in milk: from domestic animal feeding to improved 
understanding of cretinism. Thyroid. 2002;12(10):897-902. 
20. Food Standard Australia New Zealand. Final Assessment Report -- Proposal P230: 
Consideration of Mandatory Fortificaiton with Iodine for New Zealand. Wellington2008. 
21. Rose M, Gordon R, Skeaff SA. Using bread as a vehicle to improve the iodine status 
of New Zealand children. N Z Med J. 2009;122(1290):14-23. 
22. Ministry of Health. Healthy eating, active living. Wellington: Ministry of Health,; 2010. 
23. Pearce EN, Andersson M, Zimmermann MB. Global iodine nutrition: Where do we 
stand in 2013? Thyroid. 2013;23(5):523-8. 
24. Food Standard Australia New Zealand. Consideration of mandatory fortification with 
iodine for New Zealand Food Standard Australia New Zealand, ; 2008. 
25. Thomson B. Survey of Salt in Processed Foods. In: Authority NZFS, editor. 
Christchurch2006. 
26. Skeaff SA. Assessing iodine intakes in pregnancy and strategies for improvement. J 
Trace Elem Med Biol. 2012;26(2-3):141-4. 
27. Gibson R. Dietary assessment. Mann J, A T, editors. Great Britain: Oxford University 
Press; 2002. 
28. Condo D, Makrides M, Skeaff SA, Zhou S. Developement and validation of an iodine-
specific FFQ to estimate intake in Australian pregat women. Br J Nutr. 2015;113(6):944-52. 
29. Castell G, Serra-Majem L, Ribas-Barba L. What and how much do we eat? 24-hour 
dietary recall method. Nutr Hosp [Internet]. 2015 [cited by 2015 2019 Oct 15]; 31: 46-8. 
Available from: https://pubmed.ncbi.nlm.nih.gov/25719770/. 
30. <Delange F Determining median urinary iodine concentration that indicates 
adequate iodine intake at population level.pdf>. 
31. Andersson M, Karumbunathan V, Zimmermann MB. Global Iodine Status in 2011 and 
Trends over the Past Decade. The Journal of Nutrition. 2012;142(4):744-50. 
32. Juan W, Trumbo PR, Spungen JH, Dwyer JT, Carriquiry AL, Zimmerman TP, et al. 
Comparison of 2 methods for estimating the prevalences of inadequate and excessive iodine 
intakes. The American Journal of Clinical Nutrition. 2016;104(suppl_3):888S-97S. 
33. World Health Organizations. Urinary iodine concentrations for determining iodine 
status in populations. World Health Organizations; 2013. 
50 
 
34. WHO/ICCIDD/UNICEF. Indicators for assessing iodine defiency disorders and their 
control through salt iodization. Geneva: World Health Organisation; 1994. 
35. Hercus CE, Purves HD. Studies on Endemic and Experimental Goitre. J Hyg (Lond). 
1936;36(2):182-203. 
36. Purves H. The aetiology and prophylaxis of endemic goitre and cretinism: the New 
Zealand experience N Z Med J. 1974;80:477-9. 
37. Cooper GJ, Croxson MS, Ibbertson HK. Iodine intake in an urban environment: a study 
of urine iodide excretion in Auckland. N Z Med J [Internet]. 1984 [cited by 2019 Oct 10]; 97: 
142-5. Available from: https://pubmed.ncbi.nlm.nih.gov/6584756/. 
38. Thomson CD, Colls AJ, Conaglen JV, Macormack M, Stiles M, Mann J. Iodine status of 
New Zealand residents as assessed by urinary iodide excretion and thyroid hormones. Br J 
Nutr [Internet]. 1997 [cited by Dec 2019 Oct 6]; 78(6): 901-12. Available from: 
https://www.ncbi.nlm.nih.gov/pubmed/9497442. 
39. Thomson C, Woodruffe S, Colls A, Joseph J, Doyle T. Urinary iodine and thyroid status 
of NZ residents. Eur J Clin Nutr. 2001;55:387-92. 
40. Thomson BM, Vannoort RW, Haslemore RM. Dietary exposure and trends of exposure 
to nutrient elements iodine, iron, selenium and sodium from the 2003-4 New Zealand Total 
Diet Survey. Br J Nutr [Internet]. 2008 [cited by 2019 Oct 6]; 99(3): 614-25. Available from: 
https://www.ncbi.nlm.nih.gov/pubmed/17925056. 
41. Skeaff SA, Thomson CD, Gibson RS. Mild iodine deficiency in a sample of New 
Zealand schoolchildren. Eur J Clin Nutr [Internet]. 2002 [cited by 2019 Oct 6]; 56: 1169-75. 
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4882711/. 
42. Ministry of Health. NZ food NZ children: Key results of the 2002 National children's 
nutrition survey. Wellington: Ministry of Health,; 2003. 
43. University of Otago, Ministry of Health. A focus on nutrition: Key findings of the 
2008/09 New Zealand adult nutrition survey. Wellington Ministry of Health,; 2011. 
44. Skeaff S, Thomson CD, Wilson N, Parnell W. A comprehensive assessment of urinary 
concentration and thyroid hormones in New Zealand schoolchildren: a cross-sectional study. 
Nutr J. 2012;11:31. 
45. Skeaff SA, Lonsdale-Cooper E. Mandatory fortification of bread with iodised salt 
modestly improves iodine status in schoolchildren. British Journal of Nutrition. 
2013;109(6):1109-13. 
46. Emma J, McLean RM, Briar D, Rochelle H, Eva M, Feei MZ, et al. Adequate iodine 
status in New Zealand school children post-fortification of bread with iodised salt. Nutrients. 
2016;8(5):E298. 
47. Edmonds JC, McLean RM, Williams SM, Skeaff SA. Urinary iodine concentration of 
New Zealand adults improves with mandatory fortification of bread with iodised salt but not 
to predicted levels. Eur J Nutr. 2016;55(3):1201-12. 
48. Ministry of Health. Annual update of key results 2014/15: New Zealand Health Survey. 
Wellington: Ministry of Health; 2015. 
49. Rosenfeld DL, Burrow AL. Development and validation of the Dietarian Identity 
Questionnaire: Assessing self-perceptions of animal-product consumption. Appetite 




50. Steptoe A, Pollard TM, Wardle J. Development of a measure of the motives 
underlying the selection of food: the food choice questionnaire. Appetite [Internet]. 1995 
[cited by 2020 April 5]; 25(3): 267-84. Available from: 
https://pubmed.ncbi.nlm.nih.gov/8746966/. 
51. Lindeman M, Väänänen M. Measurement of ethical food choice motives. Appetite 
[Internet]. 2000 [cited by 2020 April 5]; 34(1): 55-9. Available from: 
https://www.sciencedirect.com/science/article/abs/pii/S0195666399902933. 
52. Statistics New Zealand. 2006 Census: Final report on content. Wellington: Statistics 
New Zealand; 2003. 
53. Ministry of Health. Presenting Ethnicity: Comparing prioritised and total response 
ethnicity in descriptive analyses of New Zealand Health Minor surveys. In: Health Mo, editor. 
Wellington2008. 
54. Atkinson J, Salmond C, Crampton P. NZDep 2018 Index of Deprivation, Interim 
Research Report, December 2019. Wellington: University of Otago; 2019. 
55. New Zealand Food Composition Database 2019. New Zealand Food Composition 
Database: New Zealand FOODfilestm 2018 Version 01.: The New Zealand Institute for Plant & 
Food Research Limited and Ministry of Health, ; 2018. 
56. Onis Md, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J. Development of a 
WHO growth reference for school-aged children and adolescents. Bull World Health Organ. 
2007;85:660-7. 
57. World Health Organisation. BMI-for-age (5-19 years)  [16.09.2020]. Available from: 
https://www.who.int/toolkits/growth-reference-data-for-5to19-years/indicators/bmi-for-
age. 
58. Harttig U, Haubrock J, Knüppel S, Boeing H. The MSM program: web-based statistics 
package for estimating usual dietary intake using the Multiple Source Method. Eur J Clin Nutr. 
2011;65(1):S87-S91. 
59. Statistics New Zealand. 2018 Census ethnic group summaries. Statistics New Zealand,; 
2020. 
60. Ministry of Health. Annual data explorer 2018/19: New Zealand Health Survey [data 
file]. 2019. 
61. Vejbjerg P, Knudsen N, Perrild H, Laurberg P, Andersen S, Rasmussen LB, et al. 
Estimation of iodine intake from various urinary iodine measurements in population studies. 
Thyroid. 2009;19(11):1281-6. 
62. Carriquiry AL, Spungen JH, Murphy SP, Pehrsson PR, Dwyer JT, Juan W, et al. Variation 
in the iodine concentrations of foods: considerations for dietary assessment. The American 
Journal of Clinical Nutrition. 2016;104(suppl_3):877S-87S. 
63. Mullan K, Hamill L, Doolan K, Young I, Smyth P, Flynn A, et al. Iodine status of teenage 
girls on the island of Ireland. Eur J Nutr. 2019:1-9. 
64. Juraci A, Santos I, Black R, Chrestani M, Duarte F, Nilson E. Iodine Status of Brazilian 
School-Age Children: A National Cross-Sectional Survey. Nutrients. 2020;12(4):1077. 
65. Charlton K, Probst Y, Kiene G. Dietary Iodine Intake of the Australian Population after 
Introduction of a Mandatory Iodine Fortification Programme. Nutrients. 2016;8(11):701. 
52 
 
66. Ministry of Health. Eating and Activity Guidelines for New Zealand Adults. Wellington: 
Ministry of Health, ; 2015. 
67. Ministry of Health. Food and Nutrtion Guidelines for Healthy Children and Young 







Appendix A  Ethics Letter (2019) ................................................................................................. 54 
Appendix B Ethics letter (2020) ..................................................................................................... 56 
Appendix C 2019 Māori Consultation Response .................................................................... 58 
Appendix D 2020 Māori Consultation Response .................................................................... 60 
Appendix E 2019 Information Sheet............................................................................................ 62 
Appendix F 2020 Information Sheet ............................................................................................ 67 
Appendix G 2019 Enrolment Questionnaire ............................................................................ 75 
Appendix H 2020 Enrolment questionnaire ............................................................................. 87 

















































































































































































































Appendix I 24-hour Diet recall Sheet 
 
100 
 
 
 
 
101 
 
102 
 
103 
 
 
 
 
 
104 
 
 
105 
 
 
